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(57)  There is disclosed a down-traffic-signal trans-
mission system for a mobile communication system in
which communication between base the stations (2, 3)
and the mobile station (4) is performed in accordance
with the CDMA scheme. A spread-coding apparatus
(10, 20) provided in the base station (2, 3) comprises a
valid signal determination unit (13, 23) for determining,
as valid information, a control signal and/or a voice sig-
nal contained in a received traffic signal when correctly
received, and determining, as invalid information, the
control signal and/or the voice signal when incorrectly
received; a selection instruction unit (12, 22) for output-
ting a timing signal based on results of the determina-
tion of the valid signal determination unit (13, 23), the
timing signal indicating that the control signal is valid or
invalid information and that the voice signal is valid or
invalid information; a selection unit (11, 21) which, in
accordance with the timing signal, assigns to the control
signal and/or the voice signal determined as valid infor-
mation a spread code that can be demodulated in the
mobile station (4), and assigns to the control signal
and/or the voice signal determined as invalid informa-
tion a spread code that cannot be demodulated in the
mobile station (4); and a modulator (14, 24) for modulat-
ing the control signal and the voice signal through use of
the spread code assigned by the selection unit (11, 21).
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Description

The present invention relates to a down-traffic-sig-
nal transmission system for a mobile communication
system in which communication between base stations
and mobile stations is performed in accordance with the
CDMA (Code Division Multiple Access) scheme.

In a mobile communication system in which com-
munication between base stations and mobile stations
is performed in accordance with the CDMA scheme,
when routing is switched from one base station to
another base station in accordance with movement of a
mobile station, such switching must be performed
instantaneously such that a user does not notice it.
Therefore, during switchover of base stations, a mobile
station communicates with two or more base stations
simultaneously (this technique will be called "soft hand-
off" hereinafter). At this time, the mobile station per-
forms maximum ratio composition in which energies of
signals received from the respective base stations are
added together.

In the CDMA scheme, in order to allow a mobile
station to communicate with a plurality of base stations
simultaneously, each of the base stations modulates a
signal through use of a different spread code, and the
mobile station demodulates the signal through use of
the same spread code as that used in the correspond-
ing base station. Thus, the mobile station can extract
the signal transmitted from each base station.

For example, International Patent Publication No.
WO 95/08901 discloses a technique in which signals
are modulated at respective base stations through use
of different spread codes; the signals modulated
through use of different spread codes are respectively
received by means of independent reception units pro-
vided in a mobile unit; and demodulated signals output
from the reception units are combined.

With reference to FIG. 6, a description will be given
of such a conventional mobile communication system,
particularly of a system for transmitting a down traffic
signal from a base station to a mobile station.

FIGS. 6(a) and 6(b) show the structure of a conven-
tional down-traffic-signal transmission system, wherein
FIG. 6(a) is a block diagram of the down-traffic-signal
transmission system, and FIG. 6(b) is a block diagram
showing the structure of a spread-coding apparatus
provided in a base station.

In FIG. 6(a), numeral 51 denotes a base station
controller 51 which establishes connection between a
mobile communication exchange and base stations and
controls the base stations. First and second base sta-
tions 52 and 53 are connected to the base station con-
troller 51 via respective lines. A mobile station 54
communicates with the first and second base stations
52 and 53 via respective radio means. Although FIG.
6(a) shows an example in which the mobile station 54
communicates with two base stations (the first and sec-
ond base stations 52 and 53), three or more base sta-
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tions may be installed.

As shown in FIG. 6(b), each of the first and second
base stations 52 and 53 has a spread-coding apparatus
60 which performs modulation through use of a spread
code. The spread-coding apparatus 60 includes a mod-
ulator 64. The spread-coding apparatus 60 of the first
base station 52 performs modulation through use of a
spread code C,, and the spread-coding apparatus 60 of
the second base station 53 performs modulation
through use of a spread code Cs.

In the first and second base stations 52 and 53
there are composed a voice signal and a control signal
(e.g., a signal for identifying a base station under com-
munication)—which are separately transmitted from the
base station controller 51—and a thus-obtained com-
posite signal is input to the spread-coding apparatus 60
as a traffic signal (input signal). An output signal from
the spread-coding apparatus 60 is transmitted to the
mobile station 54 as a down traffic signal.

The down traffic signal is not necessarily composed
of both a voice signal and a control signal and in some
cases may be composed of only a voce signal or a con-
trol signal. Further, the mobile station 54 includes
reception units that can demodulate signals modulated
through use of the spread codes C; and Cs.

However, in the above-described conventional
down-traffic- signal transmission system, when a fault
occurs in communication between the base station con-
troller and the base stations, the base stations may
send different down traffic signals to the mobile station.

For example, if the first base station correctly
receives a voice signal and a control signal and the sec-
ond base station correctly receives only the voice signal
at a timing where both the voice signal and the control
signal have to be received by the first and second base
stations, the mobile station receives different signals
from the first and second base stations. In such a case,
the mobile station cannot compose them, and therefore
cannot reproduce a signal.

In order to solve such a problem, the down-traffic-
signal transmission system may be modified such that a
base station that has correctly received only a voice sig-
nal or a control signal does not transmit a down traffic
signal to the mobile station. However, in this case, the
voice signal or the control signal that is correctly
received is not used in the mobile station. Further, if the
first base station correctly receives only the control sig-
nal and the second base station correctly receives only
the voice signal, no down traffic signal is transmitted to
the mobile station.

The present invention has been accomplished to
solve the above-described problems involved in the
prior art techniques, and an object of the present inven-
tion is to provide a down-traffic-signal transmission sys-
tem that allows a mobile station to effectively use a
correctly received signal even when a base station cor-
rectly receives only one of a voice signal and a control
signal transmitted from a base station controller.
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Another object of the present invention is to provide
a down-traffic-signal transmission system that can pre-
vent a signal that is not correctly received by the base
station from being received by a mobile station as noise
that has a strong correlation with a correctly received
signal and therefore makes reproduction of the signal
impossible.

To achieve the foregoing objects, the present inven-
tion provides an improved down-traffic-signal transmis-
sion system for a mobile communication system
comprising:

a plurality of base stations;

a mobile station capable of being connected with at
least one base station via radio means; and

a base station controller provided for connecting a
mobile communication exchange and the base sta-
tions and for controlling the base stations;

wherein communication between the base stations
and the mobile station is performed in accordance
with the CDMA scheme.

The down-traffic-signal transmission system is
designed such that each of the base stations has a
spread-coding apparatus for modulating, through use of
a different spread code, a traffic signal obtained through
composition of a voice signal and a control signal sepa-
rately received from the base station controller; and the
thus-modulated traffic signal is transmitted from the
base station to the mobile station.

The spread-coding apparatus comprises:

a valid signal determination unit for determining, as
valid information, a control signal and/or a voice sig-
nal contained in a traffic signal from the base sta-
tion controller when correctly received, and
determining, as invalid information, the control sig-
nal and/or the voice signal when incorrectly
received;

a selection instruction unit for outputting a timing
signal based on results of the determination of the
valid signal determination unit, the timing signal
indicating that the control signal is valid or invalid
information and that the voice signal is valid or
invalid information;

a selection unit which, in accordance with the timing
signal, assigns to the control signal and/or the voice
signal determined as valid information a spread
code that can be demodulated in the mobile station,
and assigns to the control signal and/or the voice
signal determined as invalid information a spread
code that cannot be demodulated in the mobile sta-
tion; and

a modulator for modulating the control signal and
the voice signal through use of the spread code
assigned by means of the selection unit.

The spread-coding apparatus may have a division
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pattern recognition unit for recognizing the format pat-
tern of the traffic signal formed by the control signal and
the voice signal, and the selection instruction unit may
operate to output a timing signal based on the result of
determination of the valid signal determination unit in
accordance with the format pattern that the division pat-
tern recognition unit has recognized.

In the down-traffic-signal transmission system hav-
ing the above-described structure, in accordance with
the timing signal, the selection unit assigns to the con-
trol signal and/or the voice signal determined as valid
information a spread code that can be demodulated in
the mobile station and assigns to the control signal
and/or the voice signal determined as invalid informa-
tion a spread code that cannot be demodulated in the
mobile station.

Accordingly, when a mobile station communicates
with a plurality of base stations during, for example, soft
handoff, the mobile station demodulates control signals
and voice signals correctly received at the base stations
among the signals transmitted from the base station
controller to the base stations.

At this time, a control signal and/or a voice signal
that has not been correctly received at a base station is
modulated through use of a spread code that has no
correlation with a spread code that can be demodulated
at the mobile station. Therefore, the incorrectly received
signal or signals do not serve as noise having a strong
correlation with a correctly received signal.

The present invention has the following advanta-
geous effects:

Even when a base station correctly receives only
one of a voice signal and a control signal transmitted
from the base station controller during soft handoff, the
mobile station utilizes signals that are correctly received
at the respective base stations in order to reproduce a
signal through maximum ratio composition.

Further, since a signal that is not correctly received
at the base station is not received by the mobile station
as noise having a strong correlation with a correctly
received signal, the reproduction of a signal is not pre-
vented by the noise.

In the case where the spread-coding apparatus has
a division pattern recognition unit, and the selection
instruction unit operates to output a timing signal in
accordance with the format pattern that the division pat-
tern recognition unit has recognized, even when the
amount of a control signal completely differs from that of
a voice signal, both the signals can be effectively used
at the mobile station. Especially, even when the down
traffic signal is composed of only a voice signal or a con-
trol signal, these signals can be effectively used at the
mobile station.

FIGS. 1(a) and 1(b) show the structure of a first
embodiment of a down-traffic-signal transmission
system according to the present invention, wherein
FIG. 1(a) is a block diagram of the down-traffic-sig-
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nal transmission system, and FIG. 1(b) is a block
diagram showing the structure of a spread-coding
apparatus provided in a base station;

FIG. 2 is a diagram showing a pattern of an input
signal input to the spread-coding apparatus shown
in FIG. 1(b);

FIG. 3 is a diagram showing the operation of the
spread-coding apparatus responding to the input
signals shown in FIG. 2;

FIG. 4 shows the structure of a second embodiment
of the down-traffic-signal transmission system
according to the present invention, wherein a block
diagram of a spread-coding apparatus provided in a
base station is shown;

FIG. 5 a diagram showing a pattern of an input sig-
nal input to the spread-coding apparatus shown in
FIG. 4; and

FIGS. 6(a) and 6(b) show the structure of a conven-
tional down-traffic-signal transmission system,
wherein FIG. 6(a) is a block diagram of the down-
traffic-signal transmission system, and FIG. 6(b) is
a block diagram showing the structure of a spread-
coding apparatus provided in a base station.

Embodiments of the present invention will now be
described with reference to the drawings.

First embodiment:

FIGS. 1(a) and 1(b) show the structure of a first
embodiment of a down-traffic-signal transmission sys-
tem according to the present invention, wherein FIG.
1(a) is a block diagram of the down-traffic-signal trans-
mission system, and FIG. 1(b) is a block diagram show-
ing the structure of a spread-coding apparatus provided
in a base station; FIG. 2 is a diagram showing a pattern
of an input signal input to the spread-coding apparatus
shown in FIG. 1(b); and FIG. 3 is a diagram showing the
operation of the spread-coding apparatus responding to
the input signals shown in FIG. 2.

In FIG. 1(a), numeral 1 denotes a base station con-
troller which establishes connection between a mobile
communication exchange and base stations and con-
trols the base stations. First and second base stations 2
and 3 are connected to the base station controller 1 via
respective lines. A mobile station 4 communicates with
the first and second base stations 2 and 3 via respective
radio means. Although FIG. 1(a) shows an example in
which the mobile station 4 communicates with two base
stations, three or more base stations may be installed.

As shown in FIG. 1(b), each of the first and second
base stations 2 and 3 has a spread-coding apparatus
10. The spread-coding apparatus 10 includes a valid
signal determination unit 13, a selection instruction unit
12, a selection unit 11, and a modulator 14. The valid
signal determination unit 13 determines, as valid infor-
mation, a control signal and/or a voice signal contained
in a traffic signal from the base station controller 1 when
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correctly received, and determines, as invalid informa-
tion, the control signal and/or the voice signal when
incorrectly received. The selection instruction unit 12
outputs a timing signal T based on results of the deter-
mination of the valid signal determination unit 13. The
timing signal indicates that the control signal is valid or
invalid information and that the voice signal is valid or
invalid information. In accordance with the timing signal
T, the selection unit 11 assigns to the control signal
and/or the voice signal determined as valid information
a spread code Ci that can be demodulated in the mobile
station 4 and assigns to the control signal and/or the
voice signal determined as invalid information a spread
code Cn that cannot be demodulated in the mobile sta-
tion 4. The modulator 14 modulates the control signal
and the voice signal through use of the spread code
assigned by means of the selection unit 11.

In the first and second base stations 2 and 3, a
voice signal and a control signal—which are separately
transmitted from the base station controller 1—are com-
posed and a thus-obtained composite signal is input to
the spread-coding apparatus 10 as a traffic signal (input
signal). An output signal from the spread-coding appa-
ratus 10 is transmitted to the mobile station 4 as a down
traffic signal.

The operation of the down-traffic-signal transmis-
sion system shown in FIGS. 1(a) and 1(b) having the
above-described structure will be described with refer-
ence to FIGS. 2 and 3. In the present embodiment, a
description will be given of the case where one mobile
station communicates with two base stations (the first
and second base stations 2 and 3). However, the oper-
ation is the same in the case where one mobile station
communicates with three or more base stations.

Also, the following description is based on the
assumption that among signals transmitted from the
base station controller 1, the first base station 2 has cor-
rectly received a voice signal and a control signal, while
the second base station 3 has correctly received only a
voice signal.

Further, there is assumed that the mobile station 4
can demodulate signals modulated through use of
spread codes C, and C,, respectively; that the base
station 2 modulates valid information through use of the
spread code C; and modulates invalid information
through use of a spread code Cn, the result of which
cannot be demodulated at the mobile station 4; and that
the base station 3 modulates valid information through
use of the spread code C, and modulates invalid infor-
mation through use of a spread code Cn, the result of
which cannot be demodulated at the mobile station 4.

As shown in FIG. 2, in each of the first and second
stations 2 and 3, a control signal S and a voice signal V
are composed in a fixed pattern in order to obtain a sin-
gle traffic signal, and the traffic signal is then input to the
spread-coding apparatus 10. For example, in the case
of the input signal shown in FIG. 2, the control signal S
and the voice signal V are alternately inserted in a time-
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series fashion. Also, each of the first and second sta-
tions 2 and 3 creates an input information signal indicat-
ing whether the control signals S and the voice signals
V have been correctly received and inputs the input
information signal to the spread-coding apparatus 10.

When the valid signal determination unit 13 of the
spread-coding apparatus 10 receives the input informa-
tion signal in the above-described state, the valid signal
determination unit 13 determines whether each of the
control signal S and the voice signal V is valid informa-
tion, and outputs the result of the determination to the
selection instruction unit 12.

At this time, in the first base station 2, the valid sig-
nal determination unit 13 determines that both the con-
trol signal S and the voice signal V are valid information.
Therefore, the selection instruction unit 12 of the first
base station 2 outputs a timing signal T as shown in
FIG. 3(c) (always "H"). In accordance with the timing
signal T, the selection unit 11 assigns a spread code C;
to the control signal S and the voice signal V. At this
time, the modulator 14 modulates the control signal S
and the voice signal V through use of the spread code
Cy.

Accordingly, the mobile station 4 can demodulate
the control signal S and the voice signal V included in
the down traffic signal transmitted from the first base
station 2.

Meanwhile, in the second base station 3, the valid
signal determination unit 13 determines that the voice
signal V is valid information and the control signal S is
invalid information. Therefore, the selection instruction
unit 12 of the second base station 3 outputs, as shown
in FIG. 3(a), a timing signal T that becomes "H" at points
in time corresponding to the voice signal V and
becomes "L" at points in time corresponding to the con-
trol signal S. At this time, the selection unit 11 assigns a
spread code C, to the voice signal V and a spread code
Cn to the control signal S. Also, the modulator 14 mod-
ulates the voice signal V through use of the spread code
C», and modulates the control signal S through use of
the spread code Cn.

Accordingly, the mobile station 4 demodulates only
the voice signal V included in the down ftraffic signal
transmitted from the second base station 3. Since the
control signal S that has not been correctly received at
the second base station 3 is modulated through use of
the spread code Cn having no correlation with the
spread codes C; and C,, the control signal does not
serve as noise having a strong correlation with the cor-
rectly received voice signal V. Therefore, only the cor-
rectly received signal can be reproduced through
maximum ratio composition.

Also, when, among the signals transmitted from the
base station controller 1, the first base station 2 has cor-
rectly received only the voice signal and the second
base station has correctly received only the control sig-
nal, the first base station 2 modulates the voice signal
through use of the spread code C; and modulates the
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control signal through use of the spread code Cn.
Therefore, the mobile station 4 demodulates only the
correctly received voice signal. Similarly, the second
base station 3 modulates the control signal through use
of the spread code C, and modulates the voice signal
through use of the spread code Cn. Therefore, the
mobile station 4 demodulates only the correctly
received control signal.

Therefore, even when a base station correctly
receives only one of the voice signal V and the control
signal S transmitted from the base station controller 1,
the mobile station 4 can utilize signals correctly
received at the respective base stations and reproduces
a signal.

Further, since a signal that is not correctly received
at the base station is not received by the mobile station
4 as noise having a strong correlation with a correctly
received signal, the reproduction of a signal at the
mobile station 4 is not prevented by the noise.

Moreover, the base station is only required to mod-
ulate a correctly received signal and an incorrectly
received signal through use of different spread codes
and then transmit them. Therefore, the base station is
not required to perform complicated processing such as
transmission on/off processing that is performed for a
down-traffic signal including a voice signal V and a con-
trol signal S switched at short intervals such that only
correctly received signals are transmitted at a predeter-
mined power and incorrectly received signals are not
transmitted. Therefore, the structure of the apparatus
can be simplified.

Second embodiment:

FIG. 4 shows the structure of a second embodiment
of the down-traffic-signal transmission system accord-
ing to the present invention, wherein a block diagram of
a spread-coding apparatus provided in a base station is
shown; and FIG. 5 a diagram showing a pattern of an
input signal input to the spread-coding apparatus shown
in FIG. 4.

The down-traffic signal transmission system of the
present embodiment differs from the first embodiment in
that a spread-coding apparatus 20 has a division pat-
tern recognition unit 25 for recognizing the format pat-
tern of the input signal formed by the control signal and
the voice signal. The remaining portion has the same
structure as that of the first embodiment, and therefore,
a description thereof will be omitted.

In the present embodiment having the above-
described structure, each the first and second base sta-
tions does not compose received control signals S and
voice signals V in a fixed pattern but in a pattern that is
arbitrarily determined for each traffic signal. For exam-
ple, in the case shown in FIG. 5, the sequence is control
signal S, voice signal V, control signal S, voice signal V,
voice signal V, and voice signal V. This pattern is con-
trolled at the base station controller such that all base
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stations that communicate with a mobile station use the
same pattern.

In the spread-coding apparatus 20, an input infor-
mation signal is received by the valid signal determina-
tion unit 23 and the division pattern recognition unit 25.
The valid signal determination unit 23 determines
whether each of the control signal S and the voice sig-
nal V in the input signal is valid information, and outputs
the result of the determination to a selection instruction
unit 22. The division pattern recognition unit 25 recog-
nizes the format pattern of the control signal S and the
voice signal V contained in the input signal and outputs
the result of the recognition to the selection instruction
unit 22.

The selection instruction unit 22 outputs a timing
signal T to a selection unit 21 in accordance with the for-
mat pattern that the division pattern recognition unit 25
has recognized.

According to the timing signal T, the selection unit
21 assigns the spread code Ci to the control signal S
and/or the voice signal V that aref/is valid information in
the input signal and assigns the spread code Cn to the
control signal S and/or the voice signal V that arefis
invalid information.

The modulator 24 modulates the control signal S
and the voice signal V through use of spread codes
assigned by means of the selection unit 21.

Therefore, in addition to the advantages of the first
embodiment, the down-traffic signal transmission sys-
tem of the present embodiment has the advantage that
even when the amount of the control signal S com-
pletely differs from that of the voice signal V, both the
signals can be effectively used at the mobile station.
Especially, even when the down traffic signal is com-
posed of only the voice signal or the control signal,
these signals can be effectively used at the mobile sta-
tion.

Claims

1. A down-traffic-signal transmission system for a
mobile communication system comprising:

a plurality of base stations (2, 3);

a mobile station (4) capable of being connected
with at least one base station (2, 3) via radio
means; and

a base station controller (1) provided for con-
necting a mobile communication exchange and
said base stations (2, 3) and for controlling said
base stations (2, 3),

wherein communication between said base
stations (2, 3) and said mobile station (4) is per-
formed in accordance with the CDMA scheme,
said down-traffic-signal transmission system
being designed such that each of said base
stations (2, 3) has a spread-coding apparatus
(10, 20) for modulating, through use of a differ-
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ent spread code, a traffic signal obtained
through composition of a voice signal and a
control signal separately received from said
base station controller (1), and the thus-modu-
lated traffic signal is transmitted from said base
station (2, 3) to said mobile station (4), charac-
terized in that said spread-coding apparatus
(10, 20) comprises:

a valid signal determination unit (13, 23) for
determining, as valid information, a control sig-
nal and/or a voice signal contained in a traffic
signal from said base station controller (1)
when correctly received, and determining, as
invalid information, the control signal and/or the
voice signal when incorrectly received,;

a selection instruction unit (12, 22) for output-
ting a timing signal based on results of the
determination of said valid signal determination
unit (13, 23), the timing signal indicating that
the control signal is valid or invalid information
and that the voice signal is valid or invalid infor-
mation;

a selection unit (11, 21) which, in accordance
with the timing signal, assigns to the control
signal and/or the voice signal determined as
valid information a spread code that can be
demodulated in said mobile station (4), and
assigns to the control signal and/or the voice
signal determined as invalid information a
spread code that cannot be demodulated in
said mobile station (4); and

a modulator (14, 24) for modulating the control
signal and the voice signal through use of the
spread code assigned by means of said selec-
tion unit (11, 21).

2. A down-traffic signal transmission system accord-
ing to Claim 1, characterized in that

said spread-coding apparatus (20) has a divi-
sion pattern recognition unit (25) for recogniz-
ing the format pattern of the traffic signal
formed by said control signal and the voice sig-
nal; and

said selection instruction unit (22) outputs a
timing signal based on the result of determina-
tion of said valid signal determination unit (23)
in accordance with the format pattern recog-
nized by said division pattern recognition unit
(25).
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FIG. 1(b)
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FIG. 4
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